Trypsin disrupts the trafficking of the human dopamine transporter by alpha-synuclein and its A30P mutant.
Alpha-synuclein modulates dopamine homeostasis in dopamine-producing neurons of substantia nigra, partly through regulation of human dopamine transporter (hDAT) activity. To identify the underlying mechanisms, we disrupted the modulation of hDAT activity by wild-type (wt) alpha-synuclein, and its familial Parkinson's disease linked mutants A30P and A53T, by mild trypsinization (0.1%, 30 s) of Ltk(-) cotransfected cells. Trypsin completely reversed the attenuation of hDAT function mediated by wt and the A30P mutant. In A53T coexpressing cells, where DAT activity is not downregulated, trypsinization did not induce any changes. These effects of trypsin were mimicked by collagenase I and Dispase (0.1%, 1 min each) but not by chymotrypsin, Pronase, or papain (0.1%, up to 2 min each). Trypsin increased dopamine uptake in rat primary mesencephalic neurons, suggesting that DAT activity is also subjected to modulation by alpha-synuclein in these neurons that endogenously coexpress both proteins. In trypsinized cells, dopamine accelerated both production of reactive oxygen species and cell death in hDAT and wt or A30P, but not A53T, coexpressing cells, compared to nontrypsinized cells. Paradoxically, trypsin increased the protein-protein interactions between the synuclein variants and hDAT, without any noticeable proteolysis of these proteins. hDAT-alpha-synuclein protein-protein interactions occurred through residues 58-107 (NAC domain) of the alpha-synuclein variants and residues 598-620 of the carboxy-terminal tail of hDAT, in both trypsinized and nontrypsinized cells. Confocal microscopy and biotinylation studies show that, in cells expressing the wt or A30P variants, but not the A53T mutant, hDAT is sequestered away from the plasma membrane into the cytoplasm, an effect that is reversed by trypsin. These results show that alpha-synuclein modulates hDAT function through trafficking of the transporter in a process that can be disrupted by trypsin.